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摘  要 
 I










利用新型的铜网喷头，可在不添加任何添加剂的情况下制备直径小于 80 nm 的超







压强由 0 kPa 升高到 50 kPa 时，静电纺丝多射流喷射所需要的临界启动电压由
8.1 kV 降低到 0.8 kV；施加电压 11 kV 时，静电纺丝纳米纤维直径由 401.2 nm
减小至 306.0 nm，纳米纤维直径分布范围小于 100 nm。 
成功地纺丝制造了壳聚糖纳米纤维膜，可实现水中五价砷(As5+)的有效快束
去除，吸附去除动力学快，30 min 可达到吸附平衡； 大吸附容量达到 30.8 mg/g。
还以聚丙烯腈为前驱体，制备了聚丙烯腈纳米纤维，然后通过碳化制备了碳纳米
纤维，该纤维可以有效地用于水中六价铬的去除，对六价铬(Cr6+)的 大吸附容






























The electrospinning nanofiber has profound application potential in fields such 
as filtration, sensor and pollutant absorption technologies, as well as micro-nano 
energy. These applications require large specific surface area of the fiber for better 
performance, which is corresponding to small dimension of the fiber. The current 
researches on Electrospinning technology and application mainly focus on refining 
the fiber, improving the uniformity, and increasing the specific surface area. This 
paper researches on the high-density multi-Jet electrospinning and the high-efficiency 
spray Manufacturing technologies. The application of nanofiber in adsorption of 
aquatic metal contaminants is also discussed.  
A new type of spinning nozzle made of hydrophobic copper net is used to 
implement the direct spinning manufacture of the fine uniform nanofiber. The 
hydrophobic copper net, with a diameter of 38 µm, can be used to set up the multi-jet 
mode of spinning spray. This method not only reduces the spinning jet diameter, but 
also enhances the jet whipping and improves the dimension and uniformity of the 
nanofiber. The new type of spinning nozzle realizes the manufacture of the fine 
uniform nanofiber of the dimension less than 80 nm without additives. Moreover, the 
dimension of nanofibers is distributed less than 40 nm.  
Multi-jet electrospinning nozzle with concentrated sheath gas is developed to 
import auxiliary gas. The sheath gas enhances the tensile effect of the charged jet flow, 
reduces the critical starting voltage for electrospinning ejection, and thus reduces the 
diameter of the electrospinning nanofiber and improves the uniformity. An advanced 
design, with 19 electrospinning nozzles, has independent sheath gas converge. With 
the constraint of the stable sheath gas, attenuating the interference of electric fields of 
spinning nozzles ensures prolonged stable ejections of multi-jet electrospinning 
efficiently. The critical starting voltage for electrospinning ejection decreases from 
8.1 kV to 0.8 kV with supplied pressure for sheath gas flow increases from 0 kPa to 















under 11 kV voltage bias, with distribution are mainly reduced to less than 100 nm.  
The nanofiber is used to adsorb the aquatic metal contaminants. The success in 
chitosam nanofiber membrane manufacture by spinning realizes the efficient removal 
of aquatic pentavalent arsenic (As5+). The good capacity of adsorption removal 
dynamic response makes it able to achieve adsorption equilibrium within 30 min 
while the maximum adsorption capacity is as high as 30.8 mg/g. The carbon 
nanofiber, developed by carbonizing the polyacrylonitrile nanofiber, made from 
precursor polyacrylonitrile, can efficiently remove the aquatic hexavalent 
chromium(Cr6+). The maximum adsorption is 56.8 mg/g while the removal rate 
exceeds 50 %. The duration of the stable removal of heavy metals is 1200 min. 
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